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本体系利用 43 对杂交连接探针特异识别 43 个间隔子序列，通过连接检测反应与
PCR 扩增熔解反应两个步骤，可在 4 小时之内完成分型检测，最低检测限为 104
拷贝/反应。对美国新泽西大学公共卫生研究所结核病中心提供的结核分枝杆菌






体系。本体系利用 43 条特异识别 43 个间隔子序列的双标记荧光检测探针，通过
只需一个 PCR 扩增熔解反应，即可在 3 小时内得到分型结果。分型结果由软件
自动读取并以国际通用的 43 位二进制码格式输出结果。整个检测过程手工操作
时间约 30 分钟。体系的最低检测限为 50 拷贝/反应。对美国新泽西大学公共卫
生研究所结核病中心提供的 520 份结核分枝杆菌临床分离株进行分型检测，



















制中心四家临床单位同时采用 McSpoligotyping 与传统膜杂交 Spoligotyping 对
2013-2014 年收集的结核菌临床分离株进行双盲分型检测，以测序为第三方验证，
结果表明，McSpoligotyping 与传统膜杂交 Spoligotyping 分型结果的符合率为
97.66%（1922/1968），正确率达到 99.29%（1954/1968）。分析所有菌株的基因型，
我们共发现 215 种基因型，其中 133 种基因型在 SITVITWEB 数据库中已存在，
其余 82 种为新的基因型。通过结核分枝杆菌的基因家族分析，我们发现了 7 个
已知家族的成员，分别是 Beijing（81.93%）、T（9.81%）、H（1.65%）、EAI（0.73%）、




































Tuberculosis (TB) is still a leading cause of death among infectious diseases 
worldwide. Tracking and transmission of Mycobacterium tuberculosis by traditional 
contact investigation is limited due to the long latent period of Mycobacterium 
tuberculosis. Genotyping is used to track specific isolates of Mycobacterium 
tuberculosis in a community. It has been successfully used in molecular 
epidemiologic research to study the transmission dynamics of TB. A ideal genotyping 
method to be used worldwide should be simple, affordable, a short turnaround time 
and the digital result that can be reproducible and shared between different 
laboratories. The aim of this thesis is to establish new systems for rapid genotyping of 
Mycobacterium tuberculosis based on melting curve analysis and explore their 
applications in clinical. 
In chapter one, we firstly reviewed the epidemiological profile of TB, followed by 
introduction of the genotyping methods of Mycobacterium tuberculosis and 
applications in clinical. We also described probe-based melting curve analysis as well 
as the fluorescent probes suitable for melting curve analysis. Finally, the aim, contents 
and meaningfulness of this thesis were given. 
In chapter two, we developed a new assay, 2D-Spoligotyping, based on melting 
curve analysis and a 2D-labeling strategy for Mycobacterium tuberculosis genotyping.  
43 pairs of hybridization probes were designed to identify 43 spacer sequences 
specifically. The assay need two steps for Mycobacterium tuberculosis genotyping 
within 4 hours. The limit of detection of the assay was 10
4
 genome DNA per reaction. 
The concordance between 2D-Spoligotyping and traditional membrane-based 
spoligotyping was 84.39%(411/487). Confirmed by DNA sequencing, discrepant 
spacers were all present with an extra IS6110 copy insertion in DR region. The results 
were accordant with 2D-Spoligotyping assay, confirming that the new assay has a 
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